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Abstract Intrathoracic procedures can be performed with

thoracoscopy in esophagectomy because the laparoscopic

technique has recently been developed. During intratho-

racic procedures, prone positioning of the patient allows

gravity to facilitate optimal exposure of the esophagus,

thereby affording a superb surgical view. In the current

study, we compared the influence of prone positioning with

lateral decubitus positioning on oxygenation in esopha-

gectomy. We enrolled 18 patients and divided them into

two groups: patients who underwent esophagectomy via

thoracoscopy in the prone position (group P) and patients

who underwent thoracotomy in the lateral decubitus posi-

tion (control group, group L). Arterial blood gas analyses

were performed before the operation was started (T1),

20 min after the initiation of one-lung ventilation (OLV)

(T2), and two other points. The P/F ratio at T2 in group P

was higher. Further, percent (%) change of the P/F ratios

from T1 and thereafter in group P was higher at all points.

We thought the reason why the prone position had con-

tributed to maintenance oxygenation was as follows. First,

the functional residual capacity and ventilation/perfusion

matching in the prone position are satisfactory. Second, a

bronchial blocker might contribute to reduction of atelec-

tasis. Third, minimally invasive esophagectomy might

reduce respiratory complications and blood loss because

this procedure reduces edema and inflammation in the lung.

In conclusion, the oxygenation provided by prone posi-

tioning is better than that provided by the lateral decubitus

position during OLV in esophagectomy.
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Esophagectomy is a highly invasive surgical procedure, and

postoperative pulmonary complications are the primary

complications associated with this procedure. A combined

thoracoabdominal approach for esophagectomy is the larg-

est factor contributing to the morbidity and mortality caused

by postoperative pulmonary complications [1, 2]. However,

owing to recent developments in laparoscopic techniques,

intrathoracic procedures can be performed using thoracos-

copy. Prone positioning of the patient during an intrathoracic

procedure facilitates optimal exposure of the esophagus by

means of the anatomical orientation in the prone position,

thereby affording an excellent surgical view [3]. Further-

more, good exposure of the esophagus is achieved by

inducing a transitory pneumothorax using carbon dioxide

(CO2) [4]. Hemodynamics are well maintained throughout

the procedure, and the respiratory changes are acceptable

[5]. However, respiratory changes in the prone position have

not been compared with values in the lateral decubitus

position during esophagectomy. Therefore, we investigated

the influence of the prone and lateral decubitus positions on

oxygenation in esophagectomy.

We obtained approval from the ethics committee of our

hospital, and the patients provided written informed con-

sent. We enrolled patients who underwent esophagectomy

with thoracoscopy in the prone position between July 2009

and December 2009 (group P) and those who underwent

thoracotomy in the lateral decubitus position between April
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2008 and June 2009 (control group, group L). Before the

induction of anesthesia, an epidural catheter was inserted at

the level of T8–T9. Propofol, vecuronium, and fentanyl

were used to induce anesthesia, and anesthesia was main-

tained with propofol, remifentanil, vecuronium, and epi-

dural anesthesia. The patients received pressure-controlled

ventilation with a tidal volume of 6–12 ml/kg and FiO2 of

0.5–1.0.

In group P, lymphadenectomy in the neck was per-

formed in the supine position. After this procedure, the

patient was placed in the prone position. A negative pres-

sure bag was placed under the chest, and ProneView

(Dupaco, Oceanside, CA, USA) was used for protection of

the skin and eyeball. During thoracoscopy, one-lung ven-

tilation (OLV) was performed using TCB bronchial blocker

(Fuji Systems, Tokyo, Japan), and CO2 insufflation was

maintained at 6 mmHg. At the end of thoracoscopy, the

patient was returned to the supine position. After total

laparoscopic gastric mobilization (TLGM) [6], tube for-

mation was performed through a small incision. Finally,

esophagogastric anastomosis was performed.

In group L, the neck procedure, TLGM, and tube for-

mation were performed in the supine position. Thoracot-

omy was performed after placing the patient in the lateral

decubitus position. OLV was performed using a double-

lumen endotracheal tube. Finally, esophagogastric anasto-

mosis was performed in the supine position.

In both groups, positive end-expiratory pressure (PEEP)

and respiratory rate were adjusted by the individual anes-

thesiologists. Patients were extubated when a spontaneous

tidal volume of 5–6 ml/kg with a pressure support of

5 mmHg or less, a PEEP of 5 mmHg, a respiratory rate of

less than 20 breaths per minute, and a partial pressure of

oxygen (PaO2) of more than 120 mmHg with FiO2 of less

than 0.4 were achieved in the intensive care unit (ICU).

However, the individual anesthesiologists made the final

decision whether extubation was performed.

Arterial blood gas analyses were performed before the

operation was started (T1), 20 min after the initiation of

OLV (T2), at the completion of the operation (T3), and

20 min after extubation in the ICU (T4). Duration of

operation, anesthesia, and intubation was recorded. During

the operation, the total amount of bleeding, infusion, and

urine volume were measured.

Data are presented as mean ± standard deviation (SD).

Statistical analysis were performed using a statistical

software package (ystat2002.xls; Igakutosho Shuppan,

Tokyo, Japan). The data for the groups were compared

using the Mann–Whitney U test. Changes between time

points within a group were compared using the Bonferroni

correction. P values less than 0.05 were considered to be

statistically significant.

We enrolled a total of 18 patients. The amount of

bleeding and infused fluid were significantly lower in group P

Table 1 Patient demographic

and perioperative data and

results of blood gas analysis

Data are mean ± SD

T time, PaO2 partial pressure of

oxygen, ICU intensive care unit,

P/F ratio the ratio of PaO2 to

fraction of inspired oxygener,

PaCO2 partial pressure of

carbon dioxide
* P \ 0.05 different between

the groups
# P \ 0.01 different between

the groups
? P \ 0.01 different from T1

Group P (n = 9) Group L (n = 9)

Demographics

Age (year) 66 ± 5 63 ± 6

Weight (kg) 55 ± 8 57 ± 10

Height (cm) 158 ± 7 163 ± 7

Gender (F/M) 3/6 1/8

Time (min)

Operation 670 ± 69 567 ± 50#

One-lung ventilation 275 ± 34 149 ± 23#

Anesthesia 743 ± 71 657 ± 51#

Intubation 616 ± 65 1031 ± 291#

Total amount (ml)

Infusion 3022 ± 433 4883 ± 1206#

Bleeding 208 ± 112 440 ± 229*

Urine volume 1735 ± 660 1372 ± 640

Duration (days)

ICU stay 1.0 ± 0.0 1.2 ± 0.3

Hospital stay 30 ± 23 33 ± 12

P/F ratio (mmHg)

T1 456 ± 54 460 ± 51

T2 (% change from T1) 204 ± 85? (44 ± 14) 145 ± 57*? (31 ± 12)*

T3 (% change from T1) 465 ± 49 (103 ± 10) 429 ± 84 (93 ± 13)*

T4 (% change from T1) 443 ± 113 (98 ± 24) 373 ± 87? (80 ± 15)*
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than in group L. The time between ICU admission and

extubation in group P was significantly shorter than that in

group L. However, the total time required for operation,

one-lung ventilation, and anesthesia was longer in group P

than that required in group L. There was no significant

difference between the ventilator settings at all points in

the two groups. No difference was noted in the ratio of

PaO2 to FIO2 (P/F ratio) at T1 (Table 1). However, the P/F

ratio at T2 in group P was significantly higher than that in

group L. Further, percent (%) change of the P/F ratios from

T1 and thereafter in group P were higher than those in

group L at all points. Partial pressure of carbon dioxide

(PaCO2) at T2 in group P was significantly higher than that

in group L (48 ± 6 vs. 43 ± 3 mmHg; P \ 0.05). There

was no significant difference between pH at all points in

both groups. No complications occurred during anesthesia

and ICU stay in either group. There were no significant

differences between the two groups with respect to the

duration of ICU stay, hospital stay, and time until

resumption of food intake (postoperative day 21 ± 22 vs.

19 ± 11, respectively).

Our data showed that the prone position approach provided

good oxygenation and reduced bleeding in esophagectomy.

This finding indicates that the prone position is a useful

technique for esophagectomy. Unfortunately, we did not

measure the functional residual capacity (FRC). Hence, we

could not determine the reason why the prone position had

contributed to maintenance oxygenation. However, this

mechanism may be explained as follows. First, in the lateral

decubitus position, the functional residual capacity (FRC) of

the ventilated lung is decreased because of a decrease in neural

output to the diaphragm or an increase in the expiratory tone

of the abdominal muscles, which increases the intraabdominal

pressure and displaces the diaphragm cephalad [7]. In

addition, the ventilated lung is pressed by the mediastinum

and the non-ventilated lung, thereby leading to atelectasis. In

contrast, the FRC and ventilation/perfusion matching in the

prone position are satisfactory [5]. Therefore, oxygenation

during and after OLV in the prone position is better than that in

the lateral decubitus position. Second, a bronchial blocker

might contribute to reduction of atelectasis. The use of a

double-lumen endotracheal tube leads almost completely to

lung collapse. Although this method provides the optimal

surgical view, atelectasis occurs widely. However, a bronchial

blocker does not lead to a complete collapse. Therefore, the P/

F ratio at T3 and T4 in group P was maintained despite the

Fig. 1 a, b A bank is built on

the left side of the patient using

a negative pressure bag (black
circle). This bank is fixed to the

surgical table using a brace

(white triangle). c The surgical

table is tilted to 30�, and a

lateral position is achieved
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long duration of one-lung ventilation and anesthesia. Fur-

thermore, the time between ICU admission and extubation in

group P was significantly shorter than that in group L because

of reduction of atelectasis. The shorter duration of intubation

decreases the risk of pneumonia [8] and improves the patient’s

outcome. In fact, late development of pneumonia was less in

group P than that in group L (0 vs. 22%). However, this dif-

ference was not statistically significant because the sample

size was small. Third, Bussieres suggested that minimally

invasive esophagectomy might reduce respiratory complica-

tions and blood loss [9]. We speculate that controlled hem-

orrhage was a prerequisite for laparoscopic surgery so as not to

impair the surgical view during the procedure. Furthermore,

laparoscopy allows easy detection of the origin of small

hemorrhages. In this study, the total amount of blood loss and

infusion was less in group P than that in group L. We thought

that these factors might reduce edema and inflammation in the

lung. Thus, minimally invasive esophagectomy performed

with the patient in the prone position and by using a bronchial

blocker contributed to improving postoperative oxygenation.

One of the problems encountered when the patient is in

the prone position is unexpected bleeding. Countermea-

sures to unexpected bleeding must be undertaken in this

approach. We recommend that a bank be built on the left

side of the patient using a negative pressure bag to avoid

unexpected bleeding during the operation. This bank is

fixed to the surgical table using a brace (Fig. 1). The sur-

gical table is tilted to 30�. A lateral position is achieved,

and the surgeon can perform thoracotomy.

We recognize that there are some limitations to our

study because this is a pilot study. Sample size was small,

and the patients were not randomized to the surgical

position. In addition, the prone group had minimally

invasive surgery and the lateral group had a thoracotomy,

and the prone group had bronchial blockers and the lateral

group double-lumen tubes. These other differences could

have contributed to the PaO2 differences between the

groups. Therefore, further randomized clinical trials are

required to elucidate whether thoracoscopic esophagectomy

in the prone position can contribute to improving postop-

erative oxygenation and patient outcome.

In conclusion, the oxygenation provided by prone

positioning is better than that provided by the lateral

decubitus position during OLV in esophagectomy. Surgery

in the prone position may contribute to improving the

patient’s outcome.

References

1. Whooley BP, Law S, Murthy SC, Alexandrou A, Wong J. Analysis

of reduced death and complication rates after esophageal resection.

Ann Surg. 2001;233:338–44.

2. Atkins BZ, Shah AS, Hutcheson KA, Mangum JH, Pappas TN,

Harpole DH Jr, D’Amico TA. Reducing hospital morbidity and

mortality following esophagectomy. Ann Thorac Surg. 2004;78:

1170–6.

3. Choi YS, Shim JK, Na S, Hong SB, Hong YW, Oh YJ. Pressure-

controlled versus volume-controlled ventilation during one-lung

ventilation in the prone position for robot-assisted esophagectomy.

Surg Endosc. 2009;23:2286–91.

4. Dapri G, Himpens J, Cadiere GB. Minimally invasive esophagec-

tomy for cancer: laparoscopic transhiatal procedure or thoracos-

copy in prone position followed by laparoscopy? Surg Endosc.

2008;22:1060–9.

5. Kim DJ, Hyung WJ, Lee CY, Lee JG, Haam SJ, Park IK, Chung

KY. Thoracosopic esophagectomy for esophageal cancer: feasi-

bility and safety of robotic assistance in the prone position.

J Thorac Cardiovasc Surg 2010;139:53–59.e1.

6. Kitagawa H, Akimori T, Okabayashi T, Namikawa T, Sugimoto T,

Kobayashi M, Hanazaki K. Total laparoscopic gastric mobilization

for esophagectomy. Langenbecks Arch Surg. 2009;394:617–21.

7. Froese AB, Bryan AC. Effects of anesthesia and paralysis on

diaphragmatic mechanics in man. Anesthesiology. 1974;41:242–55.

8. Pneumatikos IA, Dragoumanis CK, Bouros DE. Ventilator-associated

pneumonia or endotracheal tube-associated pneumonia? An approach

to the pathogenesis and preventive strategies emphasizing the

importance of endotracheal tube. Anesthesiology. 2009;110:673–80.

9. Bussieres JS. Open or minimally invasive esophagectomy: are the

outcomes different? Curr Opin Anaesthesiol. 2009;22:56–60.

806 J Anesth (2010) 24:803–806

123


	Better postoperative oxygenation in thoracoscopic esophagectomy in prone positioning
	Abstract
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


